This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

, BLACK BORDERS 

. TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

. FADED TEXT 

. ILLEGIBLE TEXT 

. SBCEWED/SLANTED IMAGES 

. COLORED PHOTOS 

. BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
. GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



WORLD INTHLLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 

AOIN 63/00, A61K 48A)0, 39A2, 39/245, 
C12P 21/06, 15^0 



Al 



(11) International Publication Number: WO 98/42195 

(43) International Publication Date: 1 October 1998 (01.10.98) 



(21) International Application Number: PCT/US98/06124 

(22) International Filing Date: 27 March 1998 (27.03.98) 



(30) Priority Data: 
60/042.418 



27 March 1997 (27.03.97) 



US 



(71) Applicant (for all designated States except US): UNIVERSITY 

OF CINCINNATI [US/US]; 2624 Clifton Avenue, Cincin- 
nati. OH 45221-0623 (US). 

(72) Inventors; and 

(75) InventorsM^pplicants (for US only): PYLES. Richard. B. 
[US/US]; 2848 Minto Avenue, Cincinnati. OH 45208 (US). 
PARYSEK. Linda. M. [US/US]; 6625 North Cllppinger 
Drive, Cincinnati, OH 45243 (US). WARNICK. Ronald, 
E. [US/US]; 1119 Black Horse Run, Loveland. OH 45140 
(US). 

(74) Agents: LUNN, Gregory, J. et al.; Wood, Herron & Evans, 
L.L.P.. 2700 Carew Tower. Cincinnati, OH 45202 (US). 



(81) Designated States: CA, IP. US, European patent (AT. BE. CH. 
DE, DK. ES. H. FR, GB, GR, IE, IT. LU, MC, NL, PT, 
SE). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Titie: REPLICATION-COMPETENT HERPES SIMPLEX VIRUSES 
(57) Abstract 
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neurons). The present invention discloses methods for killing malignant biain tumor cells in vivo entails providing replication competent 
herpes simplex virus vectors to tumor cells, A replication competent herpes sunplex virus vector, with defective expression of the gamma 
345 gene and the uracil DNA glycosylase (UNG) gene, specifically destroys tumor cells, is hypersensitive to anti-viral agents, and is not 
neurovirulent. 
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REPLICATION-COMPETENT HERPES SIMPLEX VIRUSES 

5 This invention was made in part with Government support mider Grant Nos. NS3 1 145 and T32- 

CA59268 awarded by' the National Institutes of Health. The Go\'enmient may have certain rights in this 
invention. 

Field of the Invention 

10 The present im-emion relates lo recombinant virus strains capable of killing tumor cells. More 
specifically, the present invention relates to a mutated replication-competent viruses which contains 
mutations in two genes, is hypersensitive to anti\iral agents such as ganciclo\ir. is not neiuovirulent and 
docs not replicate in non*dividing cells, yet can kill nervous system tumor cells. The present invention 
also relates to recombinant herpesvirus strains, vital \'accines incorporating such strains, methods for 

1 5 making such strains and x^accines. and methods for inununizing a himian host against herpes simplex 
virus using the vaccines. 

Description of the Related Art 

Malignant tumors of the nervous system are generally fatal despite many recetu advances in 
20 neurosurgical techniques, chemotherapy and radiotherapy. In particular, there is no standard therapeutic 

modality that has substantially changed the prognosis for patients diagnosed with malignant brain tumors. 

For example, high mortality rates persist in malignant medulloblastomas. malignant meningiomas and 

neurofibrosarcomas, as weU as in malignant gliomas. 
Gliomas are the most common primary tumors arising in the human brain. The most malignant glioma. 
25 the glioblastoma represents 29% of all primary brain tumors, some 5.000 new cases per year in the 

United States al ne. Gli blast mas are aim st always &tai, with a median survival of less than a year arui 

a5-yearsurvi\'alof5.5%orless. Mahaley et al., J. Neuiosurg. 71: 826(1989); Shapiro. et al., J. 
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Neurosuig. 71: 1 (1989); Kim et al.. J. Neurosurg. 74: 27 (1991). After glioblastomas are treated with 
radiotherapy, recurrent disease usually occurs locally: systeniic metastases are rare. Hochberg ct al.. 
Neurology 30: 907 (1980). Neurologic dysfunction and death in an individual with glioblastoma is due to 
the local growth of the tumor. 
5 Efforts to cure primar>' and metastatic brain tiunors have focused on new approaches that malcp- use of 
genetically modified viruses either to deliver c\totoxic genes to tumor cells or to directly infect and destrov 
tumor cells in a selective fashion. Treatment strategies employing replication-competent HSV-1 mutants 
may be particularly promising (Hum. Gene Ther. 5. 183-191: Cancer Res. 54, 5745-5751.: J Neuro- 
Oncol. 19. 137-147: J, Neurosurg, 77. 590-594: Neurosurg. 32. 597-602: Science 252, 854-856: 
10 Stereotact. Funa. Neurosurg. 59. 92-99: Nanu-e Med 1. 938-943: Virol. 2H. 94-101.) Such mutants, 
like wild-t>pe HSV-1 strains, establish a htic infection in dividing tumor cells, leading to tumor ceil 
destruction, but establish only a latent infection of the surrounding nondi\iding brain cells, including 

neurons. These mutants are attenuated hmnan pathogeris and thus, must be CLxaniiried fuUy for t^ 
and utility prior to clinical use. 

1 5 The first HS V- 1 mutant studied. c/Zsptk carried a single mutation in the thymidine kinase (TK) gene. 
Mutant strain disptk was found to have significant antineoplastic efficacy- with a minimal, le\d of toxicit>' 
in human tumor .xenografts in immunodeficiem mice (Neurosurg. 32. 597-602: Science 252, 854-856). 
These effects demonstrated the potenUal of HSV-1 as a tumor therapy, but at least two concerns regarding 
the safetv' of <//sptk limited its potential for human use. Because it lacks a fimctional TK gene, strain 

20 ^sptk cannot be controlled by the antiherpetic drugs acyclovir or ganciclovir. Second, infection with TK 
imitant strains causes neurovirulence in animal models when used at doses that would be en^)loycd for 
cancertherapy(N.Engl. J. Med 320.293-296). For these reasons, investigators have tested the 
usefulness of other mutations that severely reduce the ability of the virus to replicate in nondividing cells 
but do not prevent viral replication in actively dividing cells (Cancer Res. 54, 5745-575 1 ; J Neuro-Oncol. 

25 19, 137-147; J. Neurosurg, 77. 590-594; Neurosurg. 32. 597-602; Virol. 211, 94-101). One such 

mutation, introduced in both copies of the diploid ICP34.5 ^ne, has been shown in at least two parental 
HS V- 1 backgrounds to result in viral vectors that have the tumor kiU efficiency f dispik but minimal to 
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no detectable toxicity (J. Nemosurg. 77. 590-594: Neurosurg. 32, 597-602: Virol 211. 94-101; . J. Gen. 
Virol. 75, 2059-2063.)* Importantly, the HSV-1 strains with mutation of only the ICP34.5 genes retain 
TK activity, allowing for control by antiherpetic drugs that are activated by HSV-encoded TK. In U.S. 
Pat No. 5J528.688. Roizman. issued Jul. 12. 1994. there is disclosed an HSV-1 strain that is reported to 
S be rendered avirulent by the prevention of expression of an active product of a gene, rfpctgna^^ gamma 
34.5. that maps to the inverted repeats, flanking the long unique sequence of herpes sin^lex virus DNA, 
this gene is not essential for viral growth in cell culture. Viruses from which 34.5 was deleted or which 
earned premature stop codons in the 34.5 gene are avirulent following intracerebral inoculation of mice. 
More recently, cfiforts to increase the safety of herpes-based therapy have spurred the development of 

1 0 HSV-1 strains that have mutations in two viral genes and thus, are theoretically less likely to be repaired 
by recombination with a preexisting or subsequent HSV-1 infectioru U.S. Pat No. 5,585.096, Martuza et 
aL, issued Dec. 17. 19%. discloses a method for killing malignant brain tumor celb in vivo by 
introducing replication-competent herpes simplex virus vectors to tumor cells. A replication-conqsetextt 
herpes simplex \Trus vector, with defective expression of the gamma 34.5 gene and the ribonucleotide 

1 5 reductase gene, specifically destroys tumor cells and is not neurovirulent. 

Initial success with such a strain, designated G207, has been reported for treatment of glioblastoma 
xenografts established in inununodeficient mice (Nature Med. 1.938-943). Strain G207 carries a 
deletion of both copies of the ICP34.5 gene and a mutated ICP6 gene, that encodes the large subunit of the 
ribonucleotide reductase, an enzyme in the salvage pathway required for efficieru DNA synthesis 

20 (ROIZMAN, B. and SEARS, A E., 1990). Herpes simplex \'iruses and their replication, p. 1795-1841. 
In B.N. Fields, et al. (ed). Virology, 2nd ed. Raven Press, New York). In addition to being multiply- 
mntated this virus also retains sensitivity to antiherpetic drugs and has minimal toxicity in animal models 
(Nature Med. 1.938-943). 

It remains of utmost importance to develop a multiple HSV-1 mutant viral strain that has the greatest 

25 possible safety and therapeutic value. 
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SUMMARY OF THE INVENTION 

« is a. oblec, .r fl* i™„,» „ p^* 3 ..pucau...™^ 

5 kill tumor cells, 
tumors in humans. 

..isa6„hc<*J<„.f,he,„,^uo.„p^d.asaft. ™«edHSV-, ™apaWe.f 

therapy. 

Sm an^toobiec, « ,h» « ,o pnmde a ™,aM HSV-1 v=c«„ to can 

■eplieatt in ai«l Ull a l«mor cdl or,m.mi™,s ds™ ons^ 

A. addid^a, ^iec. ,r,^ p^., ^ ^ ^pBcaUon-con^, ™^ ^ 

«?>n»™g fofcign genes ,0 cneet an inmu™ ,1^ Ult, ^ 

v.. «^ or „„ p^, ^ ^.^^ 

"«annngannno,»,,^p™^„,^,,^,^,^^_^_^^^_^ 

I.isatoan*iec,<.O.p^i^„„„^^^,,^^^^_^_^_^^^_^ 

20 -"«»"'«^«lve«-sar.r„,n,eas,^„p^,^^^^^^^^ 
1. s«is«i.g and ou,., o««a ^„ ^ 
P-m invendnn, a ^ien.^...^ ^ ^ _^ ^ ^ 

«««i™Xg»™a34.5gen.p„^a.d<ii,.„™„DNAg,^,a» Inn,^™^^ 
"MOT comalns alleraiions in (wh genes 
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uracil DNA glj-cosylase (UNO) gene: and (B) a phannaceutically acceptable vehicle for the vea r, such 
that the tumor ceUs are altered in situ by the vector and the tiinjor cells are IdDed The tumor cells can be 
of a nervous-system hpe selected from the group consisting of astrocytoma, oli©xlendrogUonja. 
meningioma, neurofibroma, glioblastoma, ependymoma. Schwannoma, neurofibrosarcoma, and 
5 meduUoblastoma. Other kinds of tumor cells which can be killeA pursuant to the present invention, 
include those selected from the group consisting of melanoma cells, pancreatic cancer cells, prostate 
carcinoma ceUs. bnjast cancer cells, lung cancer cells, colon cancer ceUs. lymphoma cells, hepatoma cells 
and mesothelioma and epidermoid carcinoma cells. 

In accordance with still another aspect of the piescm invention, a method is provided for killing tumor 

10 cells in a subject, comprising the steps of administering to the subject a herpes simple.^ virus vector. 

wherein the vector comprises a mmor cell-specific promoter wherein the promoter controls expression of 
at least one «ral protein necessary for >iral repUcation and wherein the promoter is induced selectively or 
at a higher level in tomor cells than in normal cells. This method can entail the use of a promoter that is 
selectively capable of expression in nervous-system nmior cells, for example, gUoblastoma cells. 

1 5 meduUoblastoma cells, meningioma cells, neurofibrosarcoma cells, astrocytoma cells, oligodendroglioma 
cells, neurofibroma cells, ependymoma cells and Schwannoma cells. 

A method also is pro^^ded for preparing a replication-competent ^-ector of a herpes simplex vims, 
comprising the steps of (A) isolating a viral genome of the herpes simplex virus: and (B) pcrmanenUy 
altering the genome so that the virus is (1) sensitive to antiviral agents, (2) kills tumor cells and (3) 

20 expresses decreased generalized neurovirulence. For example, the veaor can be derived from either HSV- 
lorHSV-2. 

The present invention fiirther provides for a method of protecting a subject against herpes simplex 
vims infection, comprising the step of administering to the subject a pharmaceutical composition that is 
comprised of (A) a herpes simplex vims vector wherein the genome of tiie virus is altered in (i) the 
25 gamma 34.5 gene, and (ii) the a uracU DNAglycosylase gene; and (B) a pharmaceutically acceptable 
vehicle for the vector. 
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According to stUl another aspect f the present inventioa there has been provided a method of eliciting 
an immune response to a tumor cell, comprising the step of administering to the subject a pharmaceutical 
composition comprising (A) a herpes simplex virus, wherein the genome of the vims (i) contains an 
expressible non-herpes simplex virus nucleotide sequence encoding a desired protein capable of eliciting 
5 an immune response in the subject, and (ii) is altered in the gamma 34.5 gene, and the uracil DNA 

glycosylase gene: and (B) a pharmaceutically acceptable vehicle for the virus. In a preferred embodiment 
the method further comprises the step of co-administration with neurosurgery, chemotherapy or 
radiotherapy. 

Other objects, features and ad\'antages of the present invention will become apparent from the 
1 0 following detailed description. It should be understood. howe\'er. that the detailed description and specific 
examples, while indicating preferred embodiments of the invention, are given by way of illustration only, 
since \'arious changes and modificaUons within the spirit and scope of the invention will become apparent 
to those skilled in the art from this detailed description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The piesent invention can be understood more fully by reference to the following drawings, where: 

nC. 1: Genomic Stmcture of HSV-1 Strain 3616UB. 
5 PanelA. Top line: A schenuitic representation of the 152 kb wild type HSV-l genome. TT^esoUdboxes 
repn^ent the terminal and internal repeat elements of the HSV-l genome. The mnque long and unique 
short seq^^nces are indicated by Ul and Us. Brttomline: Expansion of the left end of the genome 
beginning at the Bam HI site at bp 2907 and extending to the Asp 718 site at bp 16269. Tbc UNG open 
«ading frame (ORF) and the position of the LacZ gene insertion in the UNG ORF is indicated. Panel, B 

10 &C. '^«ionenz>-mcdiges.ionof3616UBDNAwithEcoRlorAsp718followedbySou.hern 

analysis with a UL2 probe (panel B: depicted by the solid bo.x above the UNG ORF) spamung HSV-l bps 

8662-11820 oraUcZpn*e (pane. C) indicates that the UNG gene in the 3616UB genome is intern^^ 

l^ttteUcZ gene. The stnicture of 36,6UB(U) is compared ,0 that ofR3616(R) and strainFCF) for 
probe and each enzyme. Migration of the 12. 10, 8 and 6 DNA size markers (top ,o bottom) is 

1 5 indicated bv' dashes on each blot. 

FIG. 2: The sensitivity- of 36 16UB to Ganciclovir (GCV), 

Panel A graphically reports the results of exposure of infected VERO cultures to ganciclovir (GCV). TT»e 
percent of surviving plaques represents the [(mean number of plaques in ^^^^ 
20 °^toGCV)/(meannumberofplaquesfromtripUcateculturesfoUowingGCVex^^ 

Panel B is a plaque reduction assay foUowing exposure of infected cultmes to increasing doses of GCV. 
n« Pexcem plaques represents f(the mean munber of plaques from triplicate cultures exposed to the 
indicateddoseofGCVycthemeanplaquesofparaUelculturesnotax^ 
<l<>ses that showed significantly greater inhibition of 36 16UB compared to 
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nC. 3: In vitro infection and killing of human tumor ceU Unes by 3616UB. 

Panel A is a compUation of the kiUing of monoJayers of tumor ceUs foUowing infection with 1 3616UB 

PFUperl0.000c«Us(MOIof0.0001, Following infection Of dupUcatemonoU^ 

were made to estimate the percent of the monolayer showing ^i^.lly-induced cytopathic effect as a 

ouxu-e Of ceU kUIing. To show that the observed otopathic effect ^ due to infecUon by 3616UB, 

additional infeaed cultun. of each ecu line were fixed at 24 hours PI and immune 

ofHSV-l antigen. Stnun 3616UB-infectedDAOY monolaycn. are shown in panels B and C as a 

n^resentative cell line. For visualization of uninfected cells, the cultures also were exposed to a 

monoclonal antibody to v.men.in(panelB).Tl.e .me field ofDAOYcellsimmunofluo^^^ 

for HSV-, proteins is shown in panel C. Those cells infected at 24 hours PI by 3616UB are demonstrated 

by n^action^viththcHSVantibodies. ^Similarly infectedDAOYc^turea^ 
for 36 leUB-induced b-galactos-dase acti.i.>. Cells infected by 3616UB turn 
chromagen X-gal (panel D). The bar in C is for B and C; har=iO mm. Bar in D =50mm. 

FIG. 4: HSV-1 antigen production in infected primary neuronal cultures. 
PHnuty-rat neuronal c..tures.nfected.WtheiU.er strain 3616UB(p^^^^ 
and D) were photomicrographed in phase (to visualize aU neurons, panels A and C) and for 
immunofluo^escent localization Of HSV-1 p^^ins (to illus^^ 

D)at6days post infection. PanelsAandBn^resent the same field of neurons infected w^^^ 

showingno mon^ological Changes or any HSV-.p..ein.Pane,sCandDshowasimila^ 
<^infeaedwithstrainFtoiUustmtethep„»enceofmorphologi^ ^ 

arrowinpanelDindicatestwoneuronalceUbodi.thatwe.enotinfec^ PanelsBandD 
wicgeneiatedusingequivalentfilmexposuretimes. Bar=50mm. 
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3616UB. 

FoUowing xenograft fonnaUon.DAOYtun.ors wen. injected .«th3616^ 

we.infectedandifthevinasspt.ad.hroughthetun.or. After 48 houn. the aninuis were sacrificed and 
5 the.un.ors werestainedforHSV-1 protein. Tun.or cells that contained HSV-1 protein were found 
throughout the .xe™,g,afti,lustratingthat3616UB infected and spread Uuough .he .xenograft. T.vo 
regionsofHSV-l Section fron. the san.e xenograft are sho.. in panels A and B. Panel A includes the 
needle track in the iq^r right comer. Bar=50nim. 

10 nG.6: HSV-Ur.a.me„tofh«n.an.un.orxenograftses.abHshedinsevere.:on.bined 

immunqdeficient mice. 

Pa-elAshows the resuluof two in.ra.un,oral injections, se^^n days apart, oflxl^^ 
lx.o6ppu/.nlofR3616or„«.hun.a.onein.ohun.ann.edullobh«ton..x^^ 
v.l„n.e. Groups Of ten ,un»n= were treated sin^lar,- and monrtored f^^ 
15 ..lun.es. ^-- o'-s were deternUned a. points after treatment were compared t^ 

con.pleuonoftreaunenttoes.ablishgrow.hn.tios. Average gro«.h n.Uos are ploucd . SEM. PanelB 
pn»emsasinU,ars.ud>. Of 3616UB efficacy in the fas.rgrowinghun.anangiosa„^^ 
Significant growth rado differences (ANOVA p<0.0 1) between the treated ^ 



20 



denoted bv *. 



nc. 7: HSV antigen production in aom.a. n.»rine brain foUowing intracranial Injection of strain 
3616UB orF. 
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»p~d,f,i.,^™.^^^^^^^^^^^ ^^^^^^ 

mm. 
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DETAILED DESCRIPTION 

■n^ present invention provides muUnt. ,epUcation<ompetem HS V-1 vimses that can emer a a»«,r 
ceUinsit^nute multiple copie^tyse the tun^rceUandspread 
minor effects on the surrounding normal cells. 

As^herein, the tenn'^n.u.anr'refen.toageneUcallyalteredor engineer 
puxposefiUly'introduced mutation. As used heiein. the tenn "mutation" refers to a change in the 
chentistry of a gene, a change in the sequence of base pairs in the genomic molecule, that is perpetuated in 
subsecp^ent progeny Of the ^in.s in .Mch it occurs that results inan^vsped^ 



from variation. 



The mutant herpes simp,., v.rus of the pre^m invention has each of the foi.ow.ng characteristics: (1) 
efficacy in killing human brain tumor cells. (2) marked attenuation of generalized neurovirulence to 
protect tire normal brain. (3) multiple deletions so that a single mutation camtot cause re>-ersion to tire 
wild-type viral phenotype. and (4) hypersensitivity to an antivinJ agem so that undesired spread of the 

viruscanbepreventedT^e mutant Virus Of thepresent invention is capable Of ^^^^ 
cells, and lysing said neoplastic celL but spares surrounding non-neoplastic tissue. 

Viru^. Of the instant invention are engineered to contain alterations in the e.xpre«ion of at least t.vo 
speciticHSV-lgenes:(l,ti.egamma34.5geneand(2)theuracilDNAglycosyl^ 
Ous regard indudeanyu^t disrupt the^xpressionoftheproducto^ 
«n«:UDNAglycosylase gene. Tl^e presence of such multiple mutiOionsfimh^^ 
r-r^on to Wild-type paU.ogenicit>^mpresenti..entionprovides«^^ 
andtestingviru^s for theabiUtytocffectivelykiU brain tumor cem 

bnun-AdditionaUy^mutationscanbeinserted into these vector^^ 

systemically administered drugs. 
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H»I« staple, vi» „^ i. „^ ^ ^ ^ ^ ^ 

•''■■-'■''^■'•^'^^^ 

P»<te 1.=* ,.d.c«l ,1,^ .epUcad™ i„ co.fl„em p™»a.y ce,.. See B.*™. „ .L. ,. Voo, 6,- „ 

pn«.u. The „ U, „ ^„ ^ ^ 72 3057 (■«„ 

IK ga™. 34.5 h. ^ i„ ^ , „ „^ ^ ^ 

CheoandRoiz^ ; Vi„,.«: ,„,4„^, ^ 34.5 gee « „SV., ^ , 

«U-type le»l of serartrit,. ,„ acxtovir. Mari», el al . s»p,o (1993). 

M«...f^n»a,4.5h™^o„^„.,^i^^„„^^^_^^ 

» .hfre™, »ch » « ,776 „«cie « al. X Gen. Vtol. 75: 733 ,„94„ and ■7,e..A 
|Boto»»" el al. J. Viral. 68: 48 ( 1994)| 1„ HSV-I srata 17. 

The in^on , ^ ^^^^ 

.«™y»«^«.a^s*a„^B„he,p.^^^^^^_^ 

*™^ee..«l..e.™,ta„i.^^,^^^^^^^ 

in neurons must encode there own v i t tvt^- 

odemereown. HSV-1 UNG- mutants are U««foi« reduced in tiieir ability, o cause 
neuroviiulence. Pyles and Thompson J. Virol. 6fi:***.****, 

IT^UNGgene is located at the ge™,mic designation ULZOl^secondopen.^^ 
UmqueLongvixalsegment). See Mullaney, etal. 1989. J.Ge„.ViTol. 70:449-^54. 
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Product! n of Herpes Simplex Virus Vcct rs 

HSV-l «ahuman neuTOtropicvirus that is capable of infcct^^ 
infections foUo.vd.heratytic..^,icative cycle or establish h^^^^ 
the DNA is maintained indefinitely in an episomal state. 

RepUcation-competent. n^combinant herpes simplex virus vectors of the instant invention contain 
alterations in expression of two specific herpes simplex virus genes: (,) the gamma 34.5 gene and (2) the 
uracil DNA glycosylase gene. Such alterations render the produa of both genes non-fimctional or reduce 
a«ir expression such that the muta« herpes simplex ^arus vector has the properties of the instant 
invention. Ways to achieve such alteraUons include (a) any method to disrupt the expn^sion of the 
product Of both of these genes or (b, any method to «=nder the expressed gamma 34.5 gene product and 
uracil DNA glycosylase nonfunctional. 

N™ methods .0 disrupt the expression of a gene are knou^ including the alterations of these 
genes or their promoter secp^nces in the HSV- 1 genome by insertions, deled^^ 
RoizmanandJenkins.Science229: .208(1985). The mutated herpes simplex virus vector of the instant 
invention is a replication-competem herpes simplex virus whose genome is altered in the gamma 34.5 
gene and the uracil DNA gh^cosylase gene Alterations in the gamma 34.5 gene and the uracil DNA 
glycosylase gene include modifications in either the structural or regulatory ^cpences of these genes. 
GeneUc alterations can be determined by standard methods such as Southern blot hybridization of 
xestriction endonuclease digested viral DNA, sequencing of mutated regions of viral DN>^ present of 
^porter gene (for insertions), new restriction endonuclease site enzymatic assay for uracil DNA 
glycosylaseactivity.WesternblotorELISAana,ysisofinfe^ 

ganm«.34.5,and/orlackof replication in confluent primary cells for ga^ 

ViiDl. 68: 48 (1994). 

genes, in a biol gically well-characterized virus. 
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A herpes simplex virus vector that has been mutated in its gaimiu 34.5 and uracU DNA glycosyiase 
genes can be isolated after mutagenesis or constructed recombination between the viral genome and 
geneticaUy-engineered sequences. The high rate of recombination in herpes simplex virus and the feet that 
transfected viral DNA is infectious renders genetic manipulation very straightforward. TTuse genetically- 
altered repUcation^mpetent viruses can be used in the safety and efficacy assays described bdow. 

HSV-1 contains a double-stranded, linear DNA genome. 153 Idlobases in length, that has been 
completely sequenced by McGeoch. McGeoch et al.. J. Gen. Virol. 69: 153 1 (1988). McGecch et al.. 
Nucleic Acids Res 14: 1727 (1986): McGeoch et al.. J. Mol. Biol. 181: I (1985): Perry and McGeoch, J. 
Gen. Virol. 69: 283 1 (1988). DNA replication and virion assembly occurs in the nucleus of infected cells. 
Ute in infection, concaicmcric viral DNA is cleaved into genomic length molecules that are packaged 
into virions. InthcCNS. herpes simple.x virus spreads transneuronaUy followed by intiaaxonal transport 
to the nucleus, either rctrograde or anterograde, where replication occurs. 

DNAconstructs employing HSV-2 based on those illustrated herein using the HSV-l genome are 
encompassed by the presem invention. The HSV-2 UNG gene, like the HSV- 1 counterpart is located at 
UU and has been described in sex'eral reports; see for e.g.. Wonad and Caradomta. 1988. J. Virol. 
62:4774-1777. Gamma 34.5 is also present in HSV-2. McGeoch et al., J. Gen. Virol. 72: 3057 (1991). 

Impairment of Gene Expression Via Modification of gamma 34.5 or Uracil DNA Glycosyiase 
Regulatory Sequences 

Another way to render a herpes simplex virus incapable of expressing functional gamma 34.5 gene 
pnxtoct and uracil DNA glycosyiase is to impair their e.xpression. The expression of these two genes can 
be halted by altering the regulatory sequences of the gamma 34.5 and uracil DNA glycosyiase genes or by 
inserting a fiame-shift mutation into the nucleotide sequence of the genes. 

nic regulatory regions for gamma 34.5 and/or uracO DNA glycosyiase can be altered by standard 
techniques to disrupt the expression of the gamma 34.5 and uracil DNA glycosyiase gene (UL2). For 
example, their regulatory sequences could be altered within the viral gem,me using techniques described 
above for the alteration of coding sequences. 
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TTieprom ter region of gamma 34.5 gene has been mapped and the promoter region f ruracU DNA 
glycosvlase UL2 has been partly mapped by Singh and Wagner. Virology 196:220-231. nKpromoterfor 
gamma 34.5 has been mapped to a region within the "a" sequem^e. The "a" sequence also contains 
scqucm«! for cleavage of mut length DNA from HSV-1 concatameis, packaging of HSV-l DNA into 
capsids and inversion of L and S components. Chou and Roizmaa J. Virol. 57: 629 (1986). TTie 
promoter region of UNG has been mapped to the extreme left end of thee unique, long HSV-1 region 
(base pairs 9000-9500 using the sequence numbering of McGeoch) McGeoch et al., J. Gen. Virol. 
69:1531-1574. 

The effect of these alterations on the regulatory capacity of gamma 34.5 and UNG genes can be 
detectedby insertion ofareponer gene do«-nstreamof.he promoter. Sze and Herman. Virus Res. 26: 141 
(1992). Because herpes simplex virus genes are regulated difFerenUy when presem in the ceUular genome, 
the effects of each alteration in the gamma 34.5 or uracU DNA glycosvlase regulatory componem would 
be assessed in various mammalian target cells. McKnight et al.. in CANCER CELLS 4: DNA TUMOR 
VIRUSES, Cold Spring Harbor (1986) 163-173. 

Additional methods for the construction of engineered vin«es are known in the art. Additional 
methods for ti.e genetic manipulation of DNA sequences are known in the art. Generally, these incUtde 
Ausubel et al.. chapter 16 in CURRENT PROTOCOLS IN MOLECULAR BIOLOGY (John Wiley and 
Sons. Inc.); U.S. Pat. No. 4.603.1 12. Paoletti et al.. issued July 1986. Virological considerations also are 
reviewed in Coen D. M., "Molecular CemUics of Animal Viruses," in VIROLOGY 123-150 (2nd ed.) 
(Raven Press, 1990). 

The construction of HSV-I vectors is described, for e.xample, in U.S. Pat No. 5,288, 641: Roizman 
and Jenkins, J. Science 229: 1208 (1985); Johnson et al., J. Virol. 66: 2952 (1992); Gage et al, J. ViroL 
66: 5509 (1992); Spaete and FrenkeL CeU 30; 295 (1982); Goldstein and Weller, J. Virol. 62: 196 (1988), 
Coen, chapter 7, Virology, Raven Press, 1990; Breakefield and DeLuca, Tbc New Biologist, 3: 203 
(1991); Uib and Olivo, BioEssays 15: 547 (1993); Glorioso et al.. Seminars in Virology 3: 265 (1992); 
Chou and Roizmaa Proc. Nati. Acad Sci. USA, 89: 3266 (1992); BreakQeld et al., Molec. NeuroWol. 1: 
339 (1987); Shih et al., in: VACCINES 85, Cold Spring Harbor Press (1985) 177-180; Palella et al.. 
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M lec. Cell. Biol. 8: 457 (1988): Matz et al.. J. Gen. Virol. 64: 2261 (1983); Mocaiski et al.. CeU 22: 243 
(1980): and Coen et al.. Science 234: 53 (1986). 

Imparting Hypersensitivity to Antiviral Agents 

One safety precaution in the therapeutic use of herpes simplex vims against gUomas involves 
providing a means to stop an>- potential infection of other dividing ceUs. Clinical studies indicate that 
even wild-type HSV-1 «ruses generally do not spread far from the site of initial infection or cause serious 
systemic disease in immunocompetent individuals. Sacks et al., Ann. Inti Med. 1 1 1: 893 (1989). 

Any replication-competent mmam viral vector that is more sensitive to the anti-viral agem than its 
xvild-type parent is deemed h>pcrscnsiiive to the ami-viral agent, potemially providing a means to prcvem 
an undesired spread of the mutant x-irus. In constructing herpes simplex virus mutants for use in vivo, the 
mutants arc tested for their scnsitiwt>- to currert anti-herpetic drug therapies in order to control 
unforeseen vimlem infections. A number of drugs currently are available to treat herpes infections in 
humans, the most effecUve being nucleoside analogs that block herpes simplex virus DN A repUcation. 
Three herpes simplex virus genes are known to be involved in sensitivity to nucleoside analogs: herpes 
simplex virus DNA polymerase (UL30. pol), herpes simplex virus thymidine kinase (UL23.tk), and CMV 
UL97 which shares homology with protein kinases and bacterial phosphotransferases. Furman et al.. J. 
Virol. 32: 77 (1979); LitUer et al.. Nature 358: 160 (1992); SulUvan et al. Nature 358: 162 (1992). 

There are a number of herpes simplex virus DNA polymerase mutants which exhibit hypersensitivity 
to ganciclovir, including PAAr 5 and AiaAr 9. Coen et aL, J. ViroL 53: 477 (1985). Unfortunately, 
intracranial injecUons of AraAr 9 led to premature death and had no effect on subcutaneous tumor 
growth. Markert et al.. supra. Another mutant herpes simplex virus, the dlsptk virus, is no longer drug 
sensitive, at least to nucleoside analog drugs, and therefore potentially uncontrollable in vivo. 

Attenuation for Neurovirulence 

Attemiated or decreased generalized neurovirulence means that life-threatening encephalitis does not 
ensue after infection with the double mutant herpes simplex virus vector of the instant invention. Because 
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herpes simplex ^iros-induced encephalitis in hunians is veiy difficult to treat and can be fatal even with 
adequate phannacologic measures, decreased generalized neurovirulence is an important feature of the 
instant invention. The mutant virus of the present invention is capable of replicating in neoplastic cells 
but spares surrounding non-ncoplastic tissue. 

Diflferent herpes simplex virus strains vary in neurovirulence and more attenuated strains may be 
employed in the construction of the double mutant to further decrease neurovirulence. Other HSV-1 
strains available from ATCC include HF (ATCC VR-260), Maclntyre (ATCC VR-539), MP (ATCC VR- 
735) and HSV-2 strains G (ATCC VR-734) and MS (ATCC VR-540). 

Alternatively, any herpes simplex virus gene mutation leading to decreased viral repUcation in ^ivo 
ami/or in specific ceil populations may be used in the mutated herpes simplex virus vcaor of the 
invention Other neurovirulence genes include but are not limited to: (i) dlTIPase [Pyles et aL. J. Virol. 
66: 6706. (1992)1, (») UL53 fMo>al et aL Virus Res. 26: 99 (1992)1. (Ui) alpha 22 [Sears et al., J. Virol. 
55: 338 (1985)], (iv) US3 [Meignier et al.. Virology 162: 251 (1988)L (v) thymidine kinase gene 
(UL23/ICP36X and (vi) ribonucicotide reductase (ICP 6). 

From a clinical perspective, herpes simplex virus encephalitis is the most commonly reported vinil 
infection of the central nerv ous sj stem (CNS) in the United States. «ith an estimated incidence of 2.3 
cases per million people. Herpes simplex virus encephalitis is usually localized to the temporal lobe and 
the Umbic system. Histological examination of autopsy cases demonstrates viral antigen at these sites. A 
number of drugs are available to control infection, including acyclovir 9-92.hydro.xyethoxy- 
n«thyl)g„anine. Zovirax Registered TM , adenine arabinoside (Vidarabine Registered TM ). foscamet 
(phosphonoformic acid, PFA) and ganciclovir 9(l,3-dehydro.xy.2-propoxy)methylguanine, DHPG. 
2'NDG, Cytovene Registered TM See Whitley et al., in Lopez et al.. (eds.) IMMUNOBIOLOGY AND 
PROPHYLAXIS OF HUMAN HERPESVIRUS INFECTIONS, page 243 (1990, Plenum Press. N.Y.); 
Whitley etal.. N. Engl. J. Med. 297: 289 (1977); Oberg, Pharmacol. Then 19: 387(1983); DeArmond, 
Transplant. Proc. 23: 171 (1991). 
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Achieving Turn r-Specificity 

Because licipes simplex virus iias a very broad host range and seems capable of infecting all ceU types 
in the CNS, heipes simplex vims mutants of the instant invention may be targeted to specific tumor types 
using tumor cell-specific promoters. The term "tumor cell-specific promoter- indicates a promoter that is 
induced selectively or at a higher level in the target tumor ceU than in a normal cell. Tumor ceU-spedfic 
promoters include promoters that are induced selectively or at a higher level in a particular cell type or a 
tumor cell. 

The vectors of the invention also can be designed to selectively replicate in and kill a tumor cell of 
non-nervous tissue origin. The herpes simplex virus vector of the invention is engineered to place at least 
one wral protein necessan- for viral replication under the control of a cell specific or tumor cell-specific 
promoter. The tmnor cell-specific promoter is induced selectively or at higher levels in tamor cells than in 
normal cells. 

Such tumor cell-specific. HSV-1 andHSV-2 mutants utilize promoters fiom genes tiut are highly 
expressed in the targeted tumor, such as the epidermal growtii faaor receptor gene promoter (EGFr) or 
the basic fibroblast growth lactor (bFGF) gene promoter or the NESTIN or other nmior associated 
promoter or enhancer elemem to drive expression of an essential herpes simplex virus gene (eg., ICPO or 
ICP4), under circumstances in which Utc wild-type essential herpes simplex virus gene ^vould not be 
expressed. Rendering the essential herpes simplex virus gene non-fimctional can be achieved by genetic 
inactivation or replacemcm of its viral promoter wth a timior cell-specific promoter. 

The instant im ention encompasses a host-range conditional herpes simplex virus mutant where an 
essential viral gene product is under the control of a timior cell-specific promoter rather than its own viral 
promoter. In permissive cells, containing the proper regalatory proteins for this specific promoter, the 
essemial vital gene product is expressed and the virus is able to repUcate and spread to adjacent cells umil 
a non-permissive ceU is infected. These smdies are appUcable to the replication-competent herpes simplex 
virus of this im^tioa These constructs, however, are only replication^ompetem in the correct ceU types 
(i-e., timtor cells) and are replication-deficient in other cells {i.e., surrounding tissue). 
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grade gliomas but rareiy in normal brain. 



Hetpo Shnpta Vina V«I«„ Effecd™ r.r Xanga^^Mo. 
B»la a al., noc NMl Acad ScL USA 91: 4348 (1994). 
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Herpes Simples Vinis Vector-Mediated Destmcti n f Tumor Cells 

Exempiary candidate for tx^ent according to the p«sen. im,ntion include, but are not limited to 
(i) non-hu^an animals suffering fh,m tumors and neoplasms, (ii) humans suffering from tumors and 
neoplasms, (iii) animals suffering from nerv ous s> stem tumors and (iv) patients having malignant brain 
tumor including astrooioma. oligodendroglioma, meningioma, neurofibroma, gUoblastoma. 
ependymoma. Schwannoma, neurofibrosarcoma, and medulloWastoma. 

fteferentially. the treatmem uill be initiated b,- direct intraneoplasUc inoculatioa For tumors in the 
bn^iTL MRI. CT. or other imaging guided s.ereo«.ctic technique will be used to direct viral inocuiadon or 
virus will be inoculated at the time of cranioionn-. 

The pharmaceuUcal compositions of .he presem invention would be advantageously administered in 
the fonn of injectable compositions. A typical composition for such purpose would comprise a 
Pharmaceutically acceptable vehicle. For instance, the composition could contain human serum albumin 
in a phosphate buffer containing NaCl. Other pharmaceutically acceptable carrier include aqueous 
soluUons. non-toxic cxcipients. inctading salts, preservatives, buffers and the like. See REMINCnX)N-S 
PHARMACEimCAL SCIENCES (ISthed.) 1405-1412 & 146M487, Made Publishing Co. (1975), and 
THE NATIONAL FORMULARY XIV (14th ed.). American Pharmaceutical Association (1975). 
Examples of non-aqueous solvents are propylene glycol polyethylene glycol vegetable oil and injectable 
organic este. such as ethyloleate. Aqueous carriers include water, aqueous soluUons. saline solutions, 
ixuenteral vehicles ^ as sodium Chloride. Ringers dextrose, etc. In^^^^^ 
nutriem replenishers. TTte pH and .xaa concentration of the various components of the pharmaceudcal 
composition are adjusted according to routine skills in the art. Goodman and Gihnan. THE 
KIARMACOLOGICAL BASIS FOR THERAPEUTICS (7th ed.). 

TypicaUy, the herpes simplex vin« vector wouldbepreparedasinj^^^^ 
or suspen^ons: soHd forms suitable for soluUon in. or suspension in, IM^ 

prepared. The preparation ah» may be emulsified. The acdve immunogenic ingredient is often m«ed with 
anexcipient Which isphanuaceudcally-acceptableandcom^^^^^ 

exdpientsare. for example, water. sa«ne. dextn,se. glycerol. ethanoL ordte likeandcombinadons 
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tbei«,f. In addition if desired the vect r my contain nunor amounts of auxilianr substances such as 
wetting or emulsi^g agents. pH-buffering agents, adjuvants or immunopotentiators .hich enhance the 

effectiveness of the vector vaccine. 

Additional formulations which arc suitable for other modes of administration include oral 
formuladons. Oral formulations include such t>pical e.xcipients as, for example, pharmaceutical grades of 
numnitol. lactose starch, magnesium stearate. sodium saccharine. ceUulose. magnesium carbonate and 
the like. The compositions take the form of solutions, suspensions, tablets, pills, capsules, sustained 
ndease formulations or powders and contain 10%-95% of active ingredient preferably 25-70%. 

The composition can comprise, in addition to a virus, compounds and/or compositions that will also 
aid in treaUng the tumors or the accompan>-i„g s>™ptoms. such as. radioacuve seed implants. anUbioUcs. 
g^wth factors(e.g.,GMCSFor erythropoietin), other forms Of genetic therapy, ^^^^^ 
to, retroviral and adenoviral vector sj-stems and immunomodulating therapies such as IL-2. IL-12 or 
others as they are deemed appropriate. In addiUon, the mutant repUcaUon^mpetem HSV strain may be 
administered vvith other pharmaceuticals that v.ill be used at the clinicians discreUon to tnat post- 
operative symptoms, including but not limited to, anti-convulsants. sedatives, steroids and 
inm»unomodulating chemicals. Dosages for the above-mentioned additional compounds are established 

andknown to those skined in the art. The viral therapy may also be given in conjunaion with ge 
raiotherapy and/or general chemotherapy. 

THe compounds useful in the present invenUve method may be admimstered by any suitable means. 
One skiUed in the art .ill appredate that many suitable methods of admi^^^^ 
animal in the context of the present invention, inparticularahuman^ 
than o«. route may be used to administeraparUcularcompoundapan^^ 
piovide a more immediate and more eflFective teaction than another route. 

TTie term "unit dose" refers to physically discrete units suitable for use in huma^ 
a predetermined quantity of active material calculated to produce the desired therapeutic effect in 
association with therequireddUuent, i.e., carrier r vehicle, and a particular treatment regimen. Ute 
quantity to beadministeredbothaccording to number Of treatments 
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to be treateicapadtyofthesubjca-s immune system to synthesk^ „ 
desired Precise amounts of active ingrediem required to be administered depend on the judgment of the 
practidoner and are peculiar to each individual. However, suitable do^ 
to several hundred miciograms of active ingrediem per individual. Suitable regimes for initial 
administration and booster shots also vaiy but are typified by an initial administration foUowed in one or 
two week intervals by one or more subsequent injections or other administratioa 

Treatment of human brain tumors with replication-competent viral vectom 

Patients with recurrem glioblastoma that was refractory to standard surgery, radiotherapy and 
chemotherapy would be treated w.th herpes simplex therapv^ The pauem wo^ 
MRI or CT or other technique and the tumor and normal brain registered in stereotactic space. The virus 
would be administered using stereotactically guided neurosurgical techniques. A computer tomography 
(CT> scan or magnetic resonance imaging (MRI) scan computes the stereotactic frame that wx,uld be used 
to accurately inoculate virus into a tim,or at one or more locations. Virus would be inoculated at a dose of 
about 10' to about 10^ p.m. per i„ocuU.tion using a < 2 mm cannula. The number of sites inoculated 
woulddependonthesizeofthetumor. Patients would be followed with periodic MRI scans and with 
neurological examination, blood count and li^-er function tests. 

In an alternate scheme, craniotomies will be performed for total gross timior ressection in ^vith 
mnment tumor ami virus will inoculated in the resected tumor bed in a fi^hion similar to above. 

HeplicationH:ompctent herpes simplex vims vector vaccines 

TTtc herpes simplex virus vector of the invemion can be used as a vaccine to protect an animal against 
herpes simplex virus infection. In the presem comext, "protecting" a subject against herpes simplex virus 
indudesboth(l)aprophy,^ic.^e.i.e..avaccineusedtopreventa^^ 
infection, and (2) a therapeutic vaccine for treating an existing herpes s^^^ 
TT« herpes Simplex vin. sample wouldbepreparedusingstandardm^^^^ 
mfectedVero«llswouldbefh.enat-70oC.untiltheyaret be used. TT« material w.uld be tiu„«=d 
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and the ccU debris would be peUeted by centrifugaUon. The supernatant fluid would be discaided and the 
peUet resnspenited to its original volume. This material would most closely apptoximate that used in 
vaccine manufecture. This suspension would be sonicated three times for 30 seconds. 

Heipes simplex virus plaque Uters would be determined by standard procedures. For example, the vinus 
would be titrated in triplicate on monolayers of Vero cells in 6-weU plates. After adsorption of samples for 
2 hours, cells would be overlayed with media containing 0.6% agarose and incubated at 37o C. in a COr 
rich environmem for 48 h. A second overlay, the same as above except for addition of neutral red would 
be added and the cells would be incubated an additional 24 hours. 

The herpes simplex vims pools would be titrated before filtration. The pools then would be fdtered 
Uirough a Nalgene 0.45 mu m filter, sampled, rcfiltered through a second filter and then resampled. 

EXAMPLES 

The foUowing e-xamples are provided by ivay of illustration and are not intended to hmit the scope of 
the im^ntioiL which is determined by the claims. 

CONSTRUCTION AND CHARACTERIZATION OF AN ONCOLYTIC OR VACCINE HSV 

DOUBLE MUTANT 

MATERIALS AND METHODS 
Cdls and Viruses. 

African Green Monkey kidne>- cells (VERO: CRL 1586), the human glioblastoma ceU line, U87MG 
(HTB 14), and the human breast carcinoma cell line MDA-MB-23 1 (HTB 26) were obtained from the 
ATCC(Rockville,MD). VERO and U87MG cells were cultured as recommended by the ATCC. MDA- 
MB-231 cells were cultured in MEM-a medium supplemented with 10% FBS, 100 units/ ml of penicillin 
G, and lOOmg/ml of streptomycin (MED medium). The hmnan meduUoblastoma ceU line DAGY was 
obtained ftom Dr. Walter Hall (Univ. of Mimt ; Wen et al., 1995) and cultured in MED medium and 
psissaged once evety four days. The hmnan neuroblastoma ccU lines N (neniite-bearing) and S (substiate- 
adhercnt)wcreculturedaspreviouslydescribed(Fleye/<1991). A clonal derivative of the hmnan 
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hemangi sarcoma cell line. SKBR3 (HeflFelfmger et al., 1992), was isolated In- Dr. Susan Hcffelfinger 
(Univ. of Cincinnati) and was designated SK-M. SK-M cells' also were grown in MED medium and 
passaged once every four days. The SK-M ceU line is of endothelial origin. CeU culture supplies were 
purchased from GIBCO/BRL (Gaithersberg, MD). All cells were maintained in a 370C. 5% CX>j- 
hnmidified environment. 

For studies of viral replication in a non^iividing ceU population, embryonic rat dorsal root ganglion 
cultures were kindly prm idedbj- Dr. Nancy Ratner (Univ. of Cincinnati). These cultures were prepared 
from dorsal root ganglia har^'ested from day E15 rat embryos (Oncogene 1 1. 325-335.) and then, 
following plating at a densit>' of -2000 ccUs/coIlagen-coated coverslip, the cells were cultured for two 
weeks fust in medium to kill act.ve cells fDulbeccos modified essential medium supplemented with 10»/o 
human plasma serum, nc.^■c grouih factor and fUdR at 0.5%) and then in the same medium mthout the 
fUdR. 

The virus strains used in these smdies were deri^'cd originaUy from the wild type HSV-1 strain F. 
Strain F was chosen for this work because it has reduced neurovirulence as compared to other laboratory 
isolates ofwild type HSV-1 (Infect. Immun. 40.103-112.). Both strain F and its derivative ICP34.5 
deletion mutant R3616 (Science 250. 1262-1266.) kindly provided b>' Dr. B. Roizman (Univ. of 
Chicago). 

Virus stocks were prepanxl from subconfluent VERO ceU monolayers that had been infected 48 hours 
prior to harvesting. The vin« was concentrated from sonicates of infected cells and then titered tmng 
standard methods. All virus stocks were stored at -80OC in VERO culture media. HSV-l genomic DNA 
for transfection and for restriction endonuclease analyses was prepared as described (J. Virol. 68. 4963- 
4972.). 



Generation of the 3616UB Virus Strain. 

To generate 3616UB, Uie HSV-1 UNO open reading frame (ORF; UU, bps 9886-10888) of R3616 
disrupted as the result of recombination of R3616 with a plasmid Utat contains the E. coU b^ctosidase 
(LacZ) gene under Ute control of tite SV40 early promoter inserted into Uie unique Xba I site within the 



was 
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cloaedUNGORFaVin,!. 68,4963-4972., GenonucR3616 DNAandthe UNG nuoant pJasmidDNA 
were cotxansfected into VERO cells with Upofectase (GIBCO^RL). This strategy was used previously to 
mumtethcUNGgeneofHSV-I strain 17sy„nj. Gen. Virol. 70, 449^54; J. Virol. 68, 4963-»972.). 
nus mutation strategy «as used to examine the contribution of HSV-1 UNG activity to viral mutation 
frequencies and in that study was found to be e..tremely stable xvith no loss of the LacZ insert in almost 
1000 plaques e.xamined (J. Virol. 68,4514-,524.,. Base pair numbering, restriction endonudease 
fragment munes and maps are based upon the complete sequence of HSV-1 strain, 17 syn+ compUed by 
McGeoch and colleagues (J. Gen. Virol. 69.1531-1574.). Recombinam ^druses were identified by the 
formation of a blue precipitate following incubation with the chromagen X-Gal (5.bromo-;s:hloro-3- 
indolyi^D-galactopyranoside: GIBCO/BRL). LacZK=..pressing ■ blue" plaques were purified to 
homogeneity by limiting dilution. 

Tire genomic structure of the 3616UB virus w^ confirmedb> Southern blot RFLP analysis. Briefly, 
viral genomic DMA that had been digested With appropriate restricti^ 

agarose and blotted onto Biodyne-B membrane (GIBCO/BRL). The blots were hybridized to 32p.iabeled 

probes specific for the UNG. LacZ or ICP34 5 eene* it ifOr f«, k 

or genes at 42 C for 2-4 hours. Following ^vashing. the blots 

were exposed to XOMAT-AR fOms (Eastman Kodak: Rochester. NY) for 6-24 houn,. 
Animal Studies. 

Four to fi>. week old (20-22 gm), female, CB 17 severe combined immunodeficient (SCID) or outbred 
S«iss Webster mice (Charles River Breeders) were used throughout these stirdies. Animals were housed 
in microisolator cages in American Association for Laboratory Animal Care-approved quarters and 

Ptmided With unlimitedaccess to food and water. Animals were quarantinedfor7^^ 
procedures. 

Neurovirulence. or ti« capacity of Ute vin« to replicate in murine brain, as indicat«l by development 
of fetal encephalitis, ^vas quantified by PFU/lethal dose 50-/„ (PFU/LD50) -tios foUowing freehand, 
pennrtaneous intracranial inoculation of 10-fold serial dUutions of strain F (positive comrol), or the novel 
strain3616UB. Groups mice ^vere injected foUowing Metofane anesthesia, in the left brain 
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hemisphercm niu,i«i for 21 days and scoi«l for death. PFU/LDsorati s were calculated using the 
niethodofend-poimcstiniationasdescribedbyReedandMuench(Ainer.J.Hy& 27, 493-*97). To 
dix^cay assess ^iral replication in healthy brain tissues. CB 17 SCID mice were stereotacticaUy injected 
with either HSV-1 strainFor36l6UB in the right frontal lobe. A volun«= of 10ml that contained 1 x 10» 
PFU/ML of virus was delivered over a 15 min. period. At 24 or 48 hours post injection, animals then 
were sacrificed and the injected brain hemisphere examined for HSV-1 antigen by immunohistochemistry 
with a polyclonal HSV-1 antiserum (Accurate Chemical and Scientific Corp.; Westbury, hfY). 

Tumor .xenografts were produced by flank injection of DAOY or SK-M cells that had been cultured to 
confluencv- and then harvested by trypsinization into culture media. CeU density was adjusted to -10^ 
cells/125mJ of cuhurc media for flank injections. For each injection sUe. 125ml of cell suspension was 
mixed With an equal volume of Matrigel (Collaborative Research. Inc.) to enhance tumor .xenograft 

formaUon prior .0 injection. For all experiments, -or cells «.re injected «,bcutaneously into both rear 
flanks of anesthetized animals. 

Intratumoral injections of viral stock were performed when the xenografts reached a volume of 50 or 
100mm3 (a diameter of 5-10 mm). For each .xenograft an injection of 30ml that contained 3 x 10^ mj 
of 3616UB or R36,6 was performed, deliv-ering the virus to the appro.ximate center of the tumor. For the 
therapy smdies. groups of 10 tumors were injected with 3 x 10^ PFU of 3616UB or R3616 or an 
equivalent amount of medium alone. An identical second injecUon was given 7 days after the first. 

Tumor growth raUos^en. established from tumor volumes that were calcula^^ 
xwidth2/2. 

In situ Localization of Viral Antigen. 

Viral antigens in mmor .xenografts or healthy brain tissue were detected bv- immunofluoresence 
(CancerRes. 51.6338-6345., For immunofluoresen. studies, paraffin-embedded t^^ 
n»«ntedonPlussUdes(F.her, Following paraTm clearing and rehydration, the sections were r^ 
Phosphate-bufferedsaline and then were blocked vvith 5-/, non-fat dry milk in 
CrS)f r40min. VinU antigens presem in infected cultured celk vvere detected following fi^^^ nwith 
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4% porafonnaldehyde for 10 mia at room temperature. A polyclonal antisenm. to HSV-1 dUutedl : 100 
in 5% milk/rs was applied to the tissue or cell monolayer and incubated overaight at 4OC. FoUowing 
extensive rinsing in TS. goat anti-rabbit-FTTC (Kirkegaard and ftrty). was applied at a dilmion of 1 :50 in 
5%milkn^andincubatedatnK,mtemperatureforlh. FoUowing rinsing, the specimens were mounted 
with polyvinyl alcohol containing 0. 1% L4Kliazabicyclo{2.2.2)octane (DABCO; HARLOW, E.. and 
LANE.D. (1988). Antibodies: Alaboraton maual. p. 418. Cold Spring Harbor Laboratoiy. Cold 
Spring Harbor, N. Y.). A monoclonal antibody to the intermediate filamem protein vimemin (DAKO, 
Carpinteria. CA) was used in some experiments to visualize noninfected cells because it efficiemly labeled 
each of the selected tumor cell lines. In al, experiments, tissue specimens were incubated with secondary 
antibod>' alone as a negative control. Photomicrographs .ere generated on a Zeiss A.xiophot using 
TMAX 100 film (Eastman/Kodak). 



In Vitro Cell KiUing. 

To ^the killing effidencyofHSV-1 strains in vdtro, each mmorceUtype>v^cultur^ 
confluency and then infected at a multiplicity of infection (MOI) of either 0.0001, 0.01 or 1. For each 
experiment, at least 2 cultures were infected in paraUel. Stmins F ami R3616 served as positive controls 
for cell monolayer infection because both strains previously have been shown to replicate in a nmr*er of 
the ceU lines we examined (Science 252, 854-856: Namre Med. 1.938-943.). Infected mom,layers were 
ote^rved at 12 hour intervals ami scored for o^opathic effect (CPE) as a percemage of the monolayer 
showing eWdence of herpetic infection. To confirm that the monolay^^ 

MecUon, pamUel cultmes were ftxed with absolute methanol at -200c at 24 hour 

i-ummosuined for HSV-1 antigen as described in the previous section. For these experiments, mock- 

mfected cultures served as negative controls for both CPE and HS V- 1 antigen production 

Ganciclovir sensitivity. 

TotestthesensitivityoftheHSV-lstraim^t ganciclovir (GCV). m n layers of DAOY or VERO cells 
^ere infected with 3616UB,R3616orFatanMOIof0.01andtitentripUcate cultures were in»^^ 
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with medium al ne or in medium supplemented with 75ng/ml GCV. After 48 hours, the infected 
monolayers were harvested and viral titers determined. The titers attained by each viral strain were 
established in triplicate wells, averaged and used to establish standard deviations. The average vahKs 
then were compared under the t^vo different conditions to estabUsh the sensitivitj- to GCV as the percent 
of plaque reduction. 

To fimher chaiaaerize the GCV sensiti^ty of 36 1 6UB, duplicate monolayers of DAOY or VER^ 
infectedwith »00 PFU of either 3616UB. R3616 or F «-ere exposed to medium alone (control) or , 
increasing doses of GCV After 48 hours of culture in the presence of O.O30/, human gamma globuUn 
(Gammar) to control secondar> plaque formation, plaques were counted in crystal violet-stained 
monolayers. The mean number of plaques at each dose of GCV was divided by the mean nmnber of 
plaques in the GCV-free cultures, and multiplied b>- 100. to obtain a percem plaque inhibition by GCV. 
The data were then plotted .0 e.xtn>polate an inhibitory dose 50% (ID50) of GCV for each nrus in both 

DAOYandVEROcells. Statistical amilyses were completed using one way analysis of the variable 
(ANOVA) tests and GraphPad Instat software. 

RESULTS 

Generation of 3616UB. 

To generate the viral multiple-mutant. 3616UB. the UNG ORF (bps 9886-10888) in R3616 was 
disrupted by insertion of a -4 kb Xba I fragmem containing the LacZ gene under the control of the SV40 
promoter (Fig. 1 A depicts this strategy). Southern blot analyses indicated that the genomic structure of 
3616UB was as expected at the UNG and 34.5 gene led (Fig. 1, and data not shown). Blots of genomic 
DNA digested with either Eco Rl or Asp 7 18 and l^l^idized to either a piobe specific for the UNG locus 
(HSV bps 8662-1 1820; panel B). or a LacZ probe (panel C) showed that 36 16UB DNA (lanes 1 & 4). 
relative to strain F or genomic parent R36 16 DNA (lanes 3 & 6 and 2 & 5. tespectively). contained the 
expected new Eco Rl and Asp 7 18 sites, as well as an additional 4kB in U.e UNG locus, reflecting the 
insertion ofthc LacZ gene in that rcgioa The UNG probe hybridized t a single 12.610 bp Asp 718 
fiagment in strain F and R36 16 lanes (panel B), because the wild type UNG locus does not comain an Asp 
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718 site (sec panel A), and to two bands totaling approximately 16,600 bp in ■36I6UB. The LacZ 
insertional event at the UNO locus was confiimcd by the comparison of Eco Rl digestion of the DNA of 
the three viral strains. The LacZ-specific probe hybridized to bands of expected size foUowing digestion 
with either Eco RI or Asp 718 (panel C). These bands are not present in either the R3616 or strain F 
lanes. FinaUy, to verify that 3616UB comained the 1CP34.5 deletion of its parent virus, R3616, Southern 
blots of the digested ^^ral DNAs were hybridized to a probe for the 1(3^4.5 locus, in which the Ikfo 
deletion was observed in both 3616UB and R36I6 DNAs (data not shown). Together, these findings 
sui^rt the predicted structare of the engineered 3616UB strain. 

To assess whether the LacZ reporter gene in 36 16UB was functionaL cell cutaires that had been 
infected with 36 16UB were f.xcd after 24 hours and then stained .vith the chromagenic substrate for b- 
galactosidase. Blue staining was detected in all «ral plaques, indicating a correlation bctwm, herpes 
infection and UcZ expression. The b-gal acti^-ity was located at the plaque margin only, suggesting diat 
LacZ expression from 3616UB provides an indicator of the initial infection of cells (Fig. 3D). This data 
indicates that the LacZ gene is fimctional. allowing for the histochemical localization of the 3616UB- 
infected cells. Staining of infected monolayers with X-gal also showed that the UNO gene mutation was 
stable because no UcZ negative plaques (potential UNG revertants) «-ere observed in over 5000 that were 
examined (data not shown). 

strain 3616UB generated titers in VERO monolayers that were equivalent to that of its parem strain 
R3616 and its grandparem strain F. In each of the culhired cell t>pes examined, strain 3616UB 
eflFectively repUcated to titers of ^lO* PFU/ml with the same relative kinetics as the wfld type 
granc^arental strain F (data not shown). 

Ganciclovir Sensitivity. 

Because strain 36 16UB is to be used as a hmnan tumor therapy, it was necessary to establish that die 
therapy can be controlled using chemical intervention. To determine whether 36 16UB retained sensitivity 
to antiherpetic drugs, we examined the effect f ganciclovir (GCV) on 36l6UB.infected cultured cells. 
Unexpectedly, 3616UB was found, by 2 independem assays, to be significantiy more sensitive to GCV 
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than either the direct parental strain R3616 or the wild type strain F (ANOVA, p<0.01). Cultures of 
VERO cells infected with either 3616UB. R3616. or F that were treated with 75 ng/ml of GCV generated 
less virus than control cultures infected in parallel but not exposed to C3CV. By conqjaring the percent of 
plaques that stiU formed foUowing exposure to this concentration of GCV, 3616UB was identified as the 
5 most sensitive to GCV among the three strains (2.59+0.4% for 3616UB vs. 9.85+1.6% and 22.85+1.2% 
for R3616 and F. respectively: Fig. 2A). These findings wre equivalent to the results from similar 
cjqjeriments performed in DAOY monolwers (data not shown). 

Consistent with the single dose smdy. a GCV dose response analysis showed that a much lower dose of 
GCV was required to reduce the titer of 3616UB than ^vas required to inhibit strain R36 16 or F. The dose 
10 of GCV that reduced the number of 3616UB plaques b>- 50% (ID50) xvas extrapolated from the plotted 

plaque-reduction assay data and utis found to be 50 ng/ml. The ID50 for strain R3616 and strain F in this 
study was ~80ng/ml. Significant reductions in 3616UB titers as compared to strain F titers were observed 
at GCV doses of 15, 50 and lOOng/ml (ANOVA r<0.01); at this same GCV concentration. R36I6 and F 
were only minimally inhibited (Fig. 2B). 

15 

In Vitro C}topathic Effect in Cultured Cells. 

To test that 36 16UB would be an effective cytolytic agent for biain nrnior cells, we determined whether 
this virus retained the abilit>- to replicate in. spread through and destroy a cultured monolayer of human 
tumor cells. Using CPE as an outcome, we examined the results of 36I6UB infection of 6 different ceU 

20 lines including three human cancers that originate in, or commonly metastasize to the brain. To more 
dosely model an in vivo situation, where the number of tumor cells would far exceed the number of 
injected viral particles, a low multiplicity of infection (MOI of 0.0001) of the monolayers was performed. 
In every cell line examined, including DAOY (meduUoblastoma), U87MG (gUoblastoma), N and S cells 
(neuroblastoma), SK-M (hemangiosarcoma), and MDA-MB.23 1 (breast carcinoma), 36 16UB was found 

25 to destroy the monolayer within 5 days (Fig. 3 A). As expected, mock-infected control cultures showed no 
cytopathicefiFecL The immunolocalization of HSV antigen in the cultoires exposed t 36 16UB confirmed 
that 3616UB was repUcating in the hun r cells in vitro (Fig. 3B, C & D show the infecti n f DAOY cells 
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as an example). Viral infection of DAOY cells (see Fig. 3B) was evident as soon as 24 hours after 
infection with as Uttle Wnis as I 3616UB PFU per 10.000 cells. Further evidence of 3616UB infection in 
DAOY was illustrated by staining with X-gal (Fig. 3D) at 24 hours after infection. 

The mutations engineered in 36 16UB were chosen to prevent this strain from replicating in and killing 
5 nondividing ceUs near the tumor. To determine whether 3616UB replicated in a non-dividing ccU 

population, primary embryonic rat dorsal root ganglionic neuron cultures were infected at MOIs of 0.001. 
1 or 10 with each of the three viral strains. Even 7 days after infection with an MOI of 10, 3616UB did 
not adversely affect the neuronal cultures. The obsen'ation that 36 16UB did not replicate in these cultures 
was confirmed by the lack of immunosiaining for HS V-l antigens and the lade of viraUy-induced CPE 
1 0 (Fig, 4A & B). As a more quantitative measure of viral replication, duplicate neuronal cultures were 
harvested at 7 days post infection, sonicated to release infectious vims and then utercd on VERO cells 
By this measure, 3616UB did not produce any detectable progeny, e\'en at the highest MOI (Table 1). 



15 



TABLE 1. Virus generated by replication in rat primary neuronal cultures. 



MOI 



10 
1 

0.01 



3616UB 



none deteaed 
none detected 
none detected 



HSV-1 STRAIN 
R3616 



10 PFU/ml 
none detected 
none detected 



2 X 10^ PFU/ml 
1 X 10^ PFU/ml 
6 X 10^ PFU/ml 



In contrast, strain F replicated in and eventually led to the destruction of the neuronal cultures at all 
three MOIs within the 7 day observation period Strain F generated titers as high as 10^ PFU/ml 
20 foUowinginfectionatMOIof 1 or lOaable 1 ) and led to the production of robust levels of HSV antigen 
as detected by immunohistochcmistry (Fig. 4C). Unexpectedly, 3616UB's parental strain, R3616, was 
found to repUcate in and produce a small amount f progeny virus after infection of neuronal cultures with 
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high doses of virus (Table l:MOIonO). TheR3616 virus detected at 7 days post infecti ncouldonhr 
represent virus produced from active repUcation in the neuronal culture. In the neuronal cultures infected 
with 10 R3616 PFU/celL HSV-1 antigens were inununolocalized to no nu,re than l"/, of the total neuxons 
suggesting limited replication of this virus (data not shown). 

Tmnor Xenograft infection by 36I6UB. 

Although 3616UB was found to effidemly infect and spread through cultured monolayers of human 
tumor cell lines, in vitro tests can not completely predict in vivo efficacy. Therefore, to determine if 
3616UB could infect and spread through a tumor. ^« established flank .xenografts of a hmnan tmnor ceU 
line that was destroyed completely by 3616UB in ^•itro. Tumors of the medulloblastoma line DAOY in 
CB17 SCID mice were obser^ed until thc>' attained volumes of at least lOOmm^. Then. 30 ml of a 1 .x 
108pFU/ml stock of36I6UB undelivered atasingle site ^vithin the tmm,r. Mice ^vere sacrificed at 12. 
24. 48 or 72 hours after 3616UB injection and the tumors were harvested and excised ftom surroumling 
mouse tissues and then processed for immunohistochemistty with antibody to HSV-1. 

As early as 12 hours after injection. 3616UB infection at the site of injection .vas evident by HSV-1 
antibody labeling of tumor cells (a representative DAOY tumor section is presented in Fig. 5A). By 48 
horns after 3616UB treatment tumor cells distant to the site of injection also were infected (Fig. 5B). 
Unexpectedly, considerably less HSV-1 antigens w^ detected at 72 hour, post 3616UB tieatmem (data 
not shown). By qualitative examination of each time point, the largest nmnber of labeled foci in 36 16UB- 
infected tmnors were detected at 48 hours after infectioa Mock-infected .xenografts ^veie not labeled by 
the HSV-l antibody (data not shown). Based on the presence of substantial amomits of HSV-1 proteins in 
large foci near the injection site ami at sites distant ftom the injection, 3616UB is capable of infecting ami 
spreading through human medulloblastoma .xenografts. 

The therapeutic value of 3616UB was examined by injection of 30 ml of 1 .x 10* PFU/ml 
intntomoraUy into 10 tmm,rs of SOmm^ volmne pnn-iously established in the flanks of SCID mice. 
Additional groups of 10 tumors were injected with either R36 16 or medium al m: for comparison and 
comiol, respectively. Tmnor models of medulloblast ma using si w-growing DAOY cells, and 
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hcniangi sarcoma, a faster-growing tumor type that occasionaUy metastasizes t the brain (F lia 

Neuropaa 33. 215-220.), utilizing SK-M cells, were studied Uponcompletionof the treatment tumor 

vx,lmnes were calailated from measuremems of the tumor mass and w-cre used for the dete^ 
growth ratios (Fig. 6). 

By 10 days after completion of treatment significam growth anest of tumors was evident in groups 
treated with either 3616UB or R3616 when compared to the medium alone-treated tumors (p<0.01 by 
ANOVA analysis; Fi& 6 A and 6B). In se^'eral animals, fiill regressions were noted with no palpable 
tmnor presem. In all cases of regression, upon cessation of herpes treatment mmor masses emerged 
before the end of the study, suggesting a strong suppressive efifert of herpes on tumor growth and the 
possible usefulness of multiple application of the herpes therap>-. 

Toiicity assessment of 3616UB. 

Having established the therapeutic potemial of 3616UB, >ve sought to determine xvhether this strain 
caused any neurotoxicity in murine models. Previous studies on R3616, the parent strain of 3616UB, 
showed that R3616 was signiDcanUy neuroattenuated. like an analogous ICP34.5 mutam generated in a 
difife,emHSV-lwildt>Tx.background{J. Gen. Virol. 73, 967-970: J. Gen. Virol. 75,2059-2063). 
Although it ^vas unlikely that mumtion of the UNG gene in R3616 would have increased iu neuroto.xicitv-, 
we examined whether 36 16UB infected and/or caused disease in healthy murine brain tissues, 
latraaanial injection of 10-fold dilutions of virus in groups of 6 Swiss Webster mice was performed in 
Older to establish a PFU/lethal dose 50'/o (PFU/LD50) ratio. The taxidty of 36 16UB was studied in an 
immunocompetent mouse to determine if the significam HSV-1 amigen load that would be deUvered in a 
therapeutic dose of 3616UB caused immunological damage to healtiiy tissue near the site of injection As 
predicted, infection with 3 6 16UB did not cause any m»rological symptoms or fetal encephalitis in a,^ of 
the mice injected with the highest titers attainable (1 x lO^ FFUML: TaWe 2). R3616, the parem of 
36I6UB, resulted in the death of 1/6 animals following direct intracranial injection of high titer sUxdc but 
inthemajority fnuce did not cause any signs of neurological distress. TTte wild type strain F generated a 
PFU/LD30 ratio of 5x 10* (Table 2). 
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TABLE 2. Viral t xicity in healthy murine brain tissue as measured by hcrpetii 



c encephalitis. 




♦PFU/LD50 raUos were established, using the method of Reed and Muench (1938). following ' 
injection of groups of 6 S.viss Webster mice with serial 10-fold dilutions of viral stocks. 

•-Groups of 6 mice were injected with the highest attainable titers of the indicated Mruses and 
observed for up to 30 days for the development of fatal encephalitis. 



A second set of toxicity experiments >vas performed in SCID mice to rigorously test the potemial for 
disease ass«:iated «ith application of high doses of 3616UB in ammals that are more sen«tive to herpetic 
infection than an. S^viss Webster mice (Archives of Vnol. 103,73-82.). Neither strain 36 16UBm,r 
R3616 were found to cause any signs of neurological disease in SCID mice following direct intracranial 
injection (Table 2). As in the immunocompetent animals, high titers of strain F in SCID mice led to tite 
development of fatal encephalitis in 100% of the animals studied. 

To determine if repUcation of 3616UB was occurring in healthy brain tissue we examined 
inummohistochemistry the tissue surrounding the injection for evidence of production of HSV-1 proteins. 
HSV-l protein was not detected in brain sections at or near the needle track at ^ 
poiminanyofthemice(F.fr 7A). Histochemical staining of the adjacent sections with X-gal to illustrate 
U« expression oftheUcZ reporter gene in 3616UB also showed no evident 
asingle blue ceU at the needle track(data not shown, Brain sections^m^^^^ 

injected with strain F, however, showed infected cells concentrated ne^ 
infection (Fig. 7B). 
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CLAIMS 

What is claimed is: 

1. A rqiUcation^mpetcntheipes simplex ^i^IS that U incapable 
gamma 34.5 gene product and (u) a iiiacU DNA glycosylase. 

2. A heipes simplex vims vector, whenan the genome of said vector contains alterations in both (i) 
the gamma 34.5 gene and (ii) uracil DNA glycosylase (UNG) gene, ^vherein said alterations 
prevem the expression of said genes or render the expressed products of said genes nonfimctional 
when a cell is transfected with said vector. 

3. The virus vector as nxited in claim 2 wherein said herpes simplex virus comprises a defective 
UNG rUL2 ") gene having been ablated b>- insertion of a foreign gene, comprising from about 100 
to about 10.000 base pairs, in the reading frame bet^veen the first and the last codon of a coding 
sequence of said UNG gene. 

4. The virus vector as recited in claim 3 wherein said herpes simplex virus genome is an HSV-l 

genome. 

5. The Vitus >-ector as recited in claim 4 wherein said UNG gene is disrupted by the insertion of an 
about 1000 to about 5000 base pair Xba 1 fragmem. comaining the LacZ gene sequence, in the 
UNG gene of HSV-l. 

6. A method of preparing the replication^mpetem herpes simplex virus vector of claim 2. said 
method comprising the steps of: (A) isolating a viral genome of a herpes simplex virus; and (B) 
permanenUy altering said genome so that neither a functional 34.5 gene produa nor a functional 
uracU DNA glycosylase is expressed when a cell is transfected with said vector and the virus (I) is 
sensitive to antiviral agents. (2) kills tumor cells, and (3) expn^sses decreased generalized 
neurovirulence. 

7. The method ofclaim 6, ivherein said herpes simplex vims is HSV-l. 

8. The method ofdaim 6, wherein said herpes simplex vims is HSV-2. 
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9. A method of preparing the repUcation^ompetem herpes simplex vims o 1, said method 
comprising the steps of: (A) isolating a viral genome of a herpes simplex vims; (B) pemmnently 
ahering said genome so that neither a fimctional 34.5 gene product nor a fhnctional uracil DNA 
glycosylase is expressed when a ceU is infected with said virus and the vims (1) is sensitive to 
antiviral agents. (2) kills tumor cells, and 3) e.xpresses decreased generalized neurovimtence; and 
(C) reconstituting a replication-competent herpes simplex virus having said permanently altered 
genome. 

10. The method of claim 9. wherein said herpes simplex \inis is HSV-1. 

1 1 . The method of claim 9. wherein said herpes simplex vims is HSV-2. 

12. A vaccine comprising a herpes simplex sins genome consisting essentially of an otherwise 
virulent herpes simplex \-ins genome rendered avirulent by the lack of functional ICP34.5 and 
UNG genes encoding active gene products, and a pharmaceutically acceptable dUuent, adjuvant or 



earner. 



13. The vaccine as recited in daim 12 wherein said herpes simplex virus comprises a defective UNG 
rUL2") gene having been ablated by insertion of a foreign gene, comprising from about 100 to 
about 10,000 base pairs, in the reading frame between the first and the last codon of a coding 
sequence of said UNG gene. 

14. The vaccine as recited in claim 13 wherein said herpes simplex vims genome is an HSV-1 
genome. 

15. The vaccine as recited in claim 14 wherein said UNG gene is dismpted by the insertion of an 
about 1000 to about 5000 base pair Xba 1 fragment, containing the LacZ gene sequence, in the 
UNG gene of HSV-1. 

16. The vaccine as recited in claim 15 wherein said herpes simplex virus genome is an HSV-2 
genome. 

17. Thevacdneasrecitedinclaim 14whereinsaidICP34.5gcnecomprisesadeletionmutation. 
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18. The vaccine as recited in claim 17 wherein said herpes sintplax virus genome is an HSV-1 
^nome. 

19. A method for immunizing a human host against a herpes simplex virus comprising tlw 
inoculating said host with an immunity-inducing <tose of a vaccine comprising a herpes sinqdex 
virus genome consisting essentially of an otherwise virulent herpes simplex vims rendered 
avimlent by the lack of an ICP34.5 and UNG (UL2) encoding active gene products, and a 
pharmaceutically acceptable diluent, a(yuvant or carrier. 

20. The method as recited in claim 19 wherein said herpes simplex virus comprises a UNG (UL2) 
gene having a Xba 1 fragment containing the LacZ gene in the reading frame between a first and a 
last codon of a coding sequence of said UNG gene. 

21 . The method as recited in claim 20 wherein said herpes simplex virus genome is an HSV-1 
genome. 

22. The method as recited in claim 20 wherein said herpes simplex virus genome is an HSV-2 
genome. 

15 23. The method as recited in claim 9 wherein said herpes simplex virus comprises a UNG (UL2) gene 
having a LacZ gene in the reading frame between a first and a last codon of a coding sequence of 
said UNG gene. 

24. The vaccine as recited in claim 13 wherein said herpes simplex virus genome is an HSV-1 
genome. 

20 25. The method as redted in claim 9 wherein said herpes simplex vinis comprises a defective UNG 
CVLT) gene having been ablated by insertion of a foreign gene, comprising from about 100 to 
about 10,000 base pairs, in the reading frame between the first and the last codon of a coding 
sequence of said UNG gene. 

26. A herpes simplex virus designated 36 16UB. 

27. The vaccine as recited in claim 12 wherein said herpes simplex virus is a herpes simplex vims 
designated 3616UB. 
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